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Autoradiographic techniques and 1251-labeled endothelin-1 
were used to study the distribution of endothelin-1 binding 
sites in porcine skin. Specific endothelin-1 binding sites were 
localized to blood vessels (capillaries, deep cutaneous vascular 
plexus, arteries, and arterioles), the deep dermal and c~nnec­
tive tissue sheath of hair follicles, sebaceous and sweat glands, 
and arrector pili muscle. Specific binding was inhibited by 
endothelin-2 and endothelin-3 as well as endothelin-1. 
E ndothelin (ET) is a potent vasoconstrictor peptide origi-nally isolated from endothelial cell cultures l1]. At least four molecular forms-ET-1, ET-2, ET3, and vasoac-tive intestinal contractor-are known to exist [2,3) and expression of endothelin transcripts and peptide secre-
tion has been demonstrated in many tissues [3- 7). Apart from its 
vasoconstrictor actions in many tissues, including the skin [8,9] , 
endothelin is also known to stimulate oncogene expression and 
mitogenesis [10-13]. . . 
Endothelin binding sites have been detected m a wtde range of 
tissues, including lung, heart, kidney, adrenal, cerebellum, and spi-
nal cord [14- 17], but have not been investigated in skin. 
MATERIALS AND METHODS 
Skin tissues from snout, abdomen, and foot of 8-d-old pigs (n = 6) 
were dissected and snap frozen in melting Arcton (dichlorodifluo-
romethane; ICI, UK) previously frozen in liquid nitrogen. Tissue 
sections (10 Jl.m thick) were cut at- 22°C, taken up on microscope 
slides coated with chrome-alum gelatin, dried at room temperature 
for 60 min, and then stored with desiccant at -2ooc. 
Tissue sections were pre-incubated in 50 mM Tris-HCl buffer 
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ANP: atrial natriuretic peptide 
CG RP: calcitonin gene-related peptide 
ET: endothelin 
VIP: vasoactive intestinal polypeptide 
SP: substance P 
Non-specific binding was found in the epidermis and the 
medulla of hair follicles. No binding was found in connective 
tissue or fat. These vascular binding sites may represent en-
dothelia receptors, in keeping with the known cutaneous 
vasoconstrictor actions of the peptide. If all binding sites are 
receptors, the results suggest that endothelia could also regu-
late the function of sweat glands and may have trophic effects 
in the skin.] Invest Dermato/96:152-154, 1991 
(pH 7 .2) containing 0.1% bovine serum albumin at 4 o C for 15 min 
and then incubated for 90 min with labeling buffer: Tris HCl buffer 
(50 mM, pH 7.2) containing 40 mg/100 ml bacitracin, 130 mM 
NaCl, 5 mM MgC12, and 150 pM 1251-labeled ET-1 (Amersham, 
UK). Non-specific binding was determined by incubating adjacent 
sections with ligand in the presence of 1 Jl.M unlabeled ET -1. The 
binding was further characterized by incubating sections in the pres-
ence of other unlabeled peptides (ET-2, ET-3, CGRP, VIP, SP, and 
ANP) and by performing saturation studies . Slides were rinsed in 
the Tris-HCl buffer and distilled water, rapidly air-dried, and ex-
posed to autoradiography film (Hyperfilm-3H; Amersham, UK) 
together with sets of 1251 (Amersham, UK) and 14C (American Ra-
dio labeled Chemicals Inc) standards (1 8]. 
After exposure for 2 d at 4 o C, film was developed in D-19 
(Kodak, UK) for 5 min at 20 °C. Binding was quantified in the 
resulting autoradiograms using an !BAS 2000 image analyzer (Zeiss 
Kontron, UK). The optical density of t25J -ET -1 binding to specific 
structures in skin was compared with that of the standards and 
binding expressed as amoles ET-1 bound/mm2 of tissue. 
In order to obtain more precise anatomical resolution of the bind-
ing sites, 1251-labeled sections were postfixed in Bouin's solution for 
30 min, rinsed in water, dried, and then dipped in liquid K-5 emul-
SIOn (IIford, UK) at 40oC. After drying, slides were left for 3-4 d at 
4°C, developed in D-19 (Kodak, UK), counterstained with hema-
toxylin, and mounted. Sections adjacent to those used for autoradi-
ography were stained with either Elastic van Gieson or hematO>..)'-
lin-eosin to confirm the anatomical localization of labeled cells. 
· RESULTS 
ET -1 binding to sections of pig skin was saturable and of high 
affinity, Scatchard analysis of saturation data including a Kd of 0.7 
nM and a Bmox of 120 amoles/mm2 for binding to blood vessels. 
Dense, specific binding was found (Fig 1a,b) in structures corre-
sponding to capillaries (see below), arterioles, and venules in the 
dermis and hypodermis (73 ± 0.6 amoles/mm2), and to arteries, 
veins, and sweat glands in the hypodermis (78 ± 0.3 amoles/mm2). 
Moderate specific binding was seen in arrector pili muscles (38 ± 
0.5 amolesjmm2), the outer layer of hair follicles (54± 0.6 amoles/ 
mm2), the dermal papillae, and sebaceous glands . Non-specific bind-
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Figure 1. Autoradiograms showing th e localization of endothelin-1 binding sites in porcine skin. (a, b) Reversed tone film autoradiograms of serial sections 
incubated with 150 pM t2SJ- labeled endothelin-1, either (a) alone, or (b) in the presence of excess (1JLM) unlabeled endothelin-1; the ligand binding is largely 
disp laced by the peptide except in the epidermis (E) (bv, blood vessel; h, hair fo llicle external sheath; g, sweat gland; D , dermis). (c-e) Photomicrographs of 
emulsion-dipped slides showing silver gra ins over (c) external sheath of hair follicle, (d) blood vessel, and (e) arrector pili muscle. Scale bars: a,b, 2 mm; c-e, 50 
f.liD· 
ing was low (< 5% of total) except in epidermis and the medulla of 
hair follicles. No binding was detected in the connective tissue or 
fat. Specific binding of 125ET -1 was inhibited only by the addition (1 
Jl.M) ofET-1, ET-2, or ET-3 , and not by other peptides. 
In emulsion-dipped sections, si lver grains were diffusely located 
over connective tissue sheaths and the dermal papilla of hair folli-
cles, blood vessels (capill aries, deep cutaneous vascular plexus, the 
media and adventitia of arteries and arterioles, veins, and venules) 
and arrector pili muscle (Fig le -e). In serial sections stained with 
hematoxylin-eosin or Elastic van Gieson, the small specifically la-
beled structures in the dermis were clearly seen to be capillaries. 
DISCUSSION 
In this study we have used in vitro autoradiography to localize 
binding sites for the vasoconstrictor peptide endothelin-1 in pig 
skin. The binding sites are, however, not only confined to vascular 
rissue, but widely distributed on hair follicles, arrector pili muscles, 
and sebaceous and sweat glands. 
Physiologic control of body temperature is largely effected by 
alteration of cutaneous blood flow and the secretion of sweat glands . 
This is achieved mainly by the action of neural, physical, and chemi-
cal stimuli on the smooth muscle cells in the walls of the arterial 
vessels [ 19). Endothelin-1 is the first vasoconstrictor peptide identi-
fied in endothelial cells (1 ,2] and found to have potent effects, not 
only on major arteries but also on the cutaneous microvasculature of 
various species (8,9). Our finding ofET-1 binding sites on vascular 
smooth muscle is therefore in agreement with the known actions of 
endothelin in the skin, and suggests that at least the vascular binding 
sites may represent receptors. 
The functional significance of ET -1 binding to the other four 
structures of skin-arrector pili muscle, sweat and sebaceous 
glands, and hair follicles-is uncertain. It is possible that endothe-
lin could be involved in hair erection and the control of gland 
secretion. However, the binding in sebaceous glands and hair folli-
cles could be associated with the trophic actions of endothelin 
[10 ,13]. Continuous growth is a feature of both these tissues: to 
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produce cells for holocrine secretion in sebaceous glands, and for the 
growth of hair in the follicles. In this respect it is of interest that the 
ET binding was particularly dense at the base of the bulb in hair 
follicles, which is the germinative area and the main site of cell 
division. In addition to a role as a local modulator ofblood flow, the 
distribution of binding sites indicates that endothelin may have 
other possible functions in the skin. 
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